WHAT'S KNOWN ON THIS SUBJECT: A substantial gap exists between what is recommended for effective primary care of children and what takes place. Patient-centered health information technologies have been used to gather information and counsel parents, however, have not been integrated directly with electronic health records nor been speech-based to improve decision-making at the point-of-care.
METHODS: English-speaking parents of children aged 4 months to 11 years called PHP before routine visits and were randomly assigned to groups by the system at the time of the call. Parents' spoken responses were used to provide tailored counseling and support goal setting for the upcoming visit. Data were transferred to the electronic health records for review during visits. The study occurred in an urban hospital-based pediatric primary care center. Participants were called after the visit to assess (1) comprehensiveness of screening and counseling, (2) assessment of medications and their management, and (3) parent and clinician satisfaction.
RESULTS: PHP was able to identify and counsel in multiple areas. A total of 9.7% of parents responded to the mailed invitation. Intervention parents were more likely to report discussing important issues such as depression (42.6% vs 25.4%; P , .01) and prescription medication use (85.7% vs 72.6%; P = .04) and to report being better prepared for visits. One hundred percent of clinicians reported that PHP improved the quality of their care. A substantial gap exists between what is recommended for effective primary care ofchildrenandwhatactuallytakesplacein pediatric primary care settings. [1] [2] [3] [4] Patientcentered health information technologies seek to provide solutions that are respectful of and responsive to individual patient preferences, needs, and values and have been used successfully to gather information and counsel parents. 5, 6 However, such systems have not been integrated directly with an electronic health record (EHR) system to improve clinical decision-making and efficiency at the point of care. [7] [8] [9] [10] Interactive voice response (IVR) technologies offer a potentially effective, patientcentered communication modality by guiding parents at home through interactive, speech-based discussions that can gather information and reinforce recommendations and treatments. IVR systems are particularly well suited for use by vulnerable populations, because access to the telephone is nearly universal, and such systems can be used by many people who would have difficulty with printed materials. 11, 12 For this project, we developed and evaluated an IVR-based patient-centered health information technologies system, the Personal Health Partner (PHP). PHP uses synthetic speech and spoken responses and is designed to engage patients outside the clinical environment via telephone.
The primary purpose of this study was to determine whether use of PHP was associated with significant differences in parental report of primary care visit content. Additional goals included evaluating the intervention effect on (1) medication management, (2) asthma care, and (3) parent and clinician satisfaction. 13 
METHODS

PHP
PHP is an automated conversational system used before routine health care maintenance (RHCM) clinic visits. Details of the system have been presented previously. 14 The PHP uses high-quality synthetic speech and automatic speech recognition. PHP conversations use clinical data from the EHR and personal health data gathered during conversations to provide tailored counseling for parents before RHCM visits. Synthetic speech was used in all areas except medication reconciliation, for which synthetic speech accuracy was found to be insufficient. Medication reconciliation was implemented with speech files recorded by the project physician (20 hours estimated effort). Use of synthetic speech for the majority of the system substantially improved the flexibility, scalability, and time required to implement the system.
PHP scripts are published as voice-XML and hosted using open-source webapplication server technology and voiceover Internet protocol technology. 15 The system can accommodate as many simultaneous calls as needed. Calls were designed to be interactive and conversational. For example, if a parent screens positive for depression, PHP reminds the parent that their child' s doctor is interested in helping and asks the parent if they could agree to bring up their feelings of sadness during the upcoming visit. Each content area was developed as an independent module with a question set, decision rules for directing the conversation, and counseling topics that include activation messages so modules could easily be added or removed.
EHR Integration
Data from PHP were transferred to the EHR (Centricity, General Electric, Fairfield, CT) via "patient-entered data" variables that are processed by the EHR at the time of the visit. All pediatric primary care visits at the study center use a single-visit EHR template, which was programmed to look for PHP data within the previous 30 days whenever the RHCM form was initiated and, when available, to (1) add the "Patient-Entered Data Review Form" to the EHR, (2) load PHP data into the form, and (3) prompt the clinician that "Patient-entered data are available" (Fig 1A) . By clicking "Go," the clinician can review and edit if needed ( Fig 1B) and when done, click "Accept All" (Fig 1C) to add data to the clinic note. Accepted data were visible within standard RHCM templates, where they could be viewed and edited (Fig 1D) . After 30 days, PHP data were no longer viewable by clinicians. 
Selection and Description of Participants
Procedure and Design
This study began as a 3-arm study in which subjects were randomized to Control (IVR safety survey only), PHP without counseling, or PHP. However, after the first 205 patients, recruitment rates were not sufficient to achieve sufficient power in all 3 arms, so the PHP without counseling arm was discontinued and going forward patients who would have been assigned to the PHP without counseling were assigned to the full PHP intervention. Data for the PHP without counseling group has not been analyzednor is this groupincludedinany analyses in this report. Participants were asked to call the automated system at a time convenient to them and were randomly assigned to groups at the start of each call. Study staff called participants to complete follow-up data collection 5 to 7 days after the visit to assess outcomes. Study staffmemberswere not aware of allocation group at the time of interviews. All parents who had depressive symptoms were called by the study physician after the visit to ensure adequate follow-up and care.
Attending pediatricians at BMC were introduced to the study with a brief presentation at a clinic provider meeting. All pediatricians agreed to participate. Recruitment activities occurred during a 22-month period during April 2009 to February 2011.
The study was approved by the Boston University Medical Center Internal Review Board.
Intervention PHP tailors call content based on the patient' s age and prescription of asthma medication. Call content was based on American Academy of Pediatrics Bright Futures topics reflected in the EHR
FIGURE 1
EHR-based patient-entered data review forms and functions.
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templates at the study site as well as Medicaid-recommended health risk questions (Table 1) for RHCM, asthma symptoms, and medication safety. 4 When available, PHP scripts were based on validated tools. RHCM areas include (1) general health supervision, 16 (2) developmental screening, 17 (3) diet and physical activity, 4 (4) tuberculosis risk assessment, 4 (5) smoking risk assessment, 13 and (6) maternal depression screening. 18 Each call also addressed medication safety examining (1) what medications on the EHR medication list the child was actually taking, 19, 20 (2) age-appropriate medication use, 21 and (3) proper use of asthma controller and reliever medication if applicable. The day before each scheduled visit, PHP data were transferred to the EHR. PHP questions yielding actionable data generate an "Alert" displayed within the "Alerts" section of the "Patient Entered Data Review" form ( Fig 1B) .
Control
Control parents also completed a single automated call but the content was limited to the 18-question Framingham Safety Survey. 22 At the completion of the call, parents in the control group received tailored advice related to unsafe behaviors reported during the call. Because the Framingham Safety Survey was not part of routine primary care at BMC, data from these calls were not shared with the EHR.
Measures
Evaluation of the clinical effectiveness of PHP focused on analyses of post-visit parent interviews (Table 1) . Because formal developmental screening was not possible via the telephone, parental report of developmental concerns was used as the primary developmental outcome. Assessments of safety-related behaviors (sleep position, seat belt use, and bike helmets) were not included in post-visit interviews. Prescription medication adherence was assessed by using 2 questions from a previously validated Medication Adherence Scale. 21 Results from this assessment will be presented in a future manuscript. For medication reconciliation, PHP asked parents to gather all their child' s medications and PHP read the medication list from the medical record as parents reviewed bottle labels. 20 During postvisit interviews, accuracy of the medication list was determined using a structured form that was preprinted with EHR data and then updated manually during the interview. Within the EHR, all changes were visible so research staff could identify what was recorded in the EHR as of the end of the visit.
Parents were asked about all medication recorded in the EHR and whether the child was taking any additional medication not mentioned.
Parent and clinician satisfaction with PHP was assessed via questionnaire. Foreach question respondents were asked if they (1) strongly agreed, (2) agreed, (3) were neutral, (4) disagreed, or (5) strongly disagreed with each statement. For parents, questions were administered by research staff over the phone. Clinicians completed web-based surveys.
Statistical Analysis
Generalized estimating equations (GEE) with a compound symmetric covariance structure and robust standard errors were used to compare child and parent demographic information between the Control and PHP user groups and to assess the efficacy of the PHP intervention with respect to post-visit assessments of parent-reported visit content. GEE methods were used to account for the intragroup correlation that resultedfrommeasurementsofmultiple children per parent, whereas robust standard errors were used to protect against the potential misspecification of the covariance structure. The success of randomization was evaluated for each demographic characteristic. As a confirmatory analysis, GEE models were adjusted by any factors identified as unbalanced post-randomization. To assess usability and satisfaction, parental satisfaction with the system was also compared between the study conditions with x 2 tests. All analyses were conducted in Stata version 12 (StataCorp, College Station, TX) using intent to treat analyses and a significance level of 0.05.
RESULTS
There were 6910 potentially eligible pediatric patients who were mailed a letter inviting the patient' s parent (or primary caregiver) to participate. Six percent of letters were returned by the post office for wrong address. Of those not returned, 667 (9.7%) children had a parent call the PHP system and consent to participate, and 593 (8.6%) were included in the study allocation (Fig 2) . Of those children whose parent called, 485 (82%) attended their appointment within 3 weeks of calling the PHP system, and 475 (98%) of these parents completed the follow-up interview (Intervention, n = 293; Most parents were female, 47% were African American, 44% had a college degree, and 48% were employed ( Table 2 ). The mean age of children was 4.7 years (SD = 3.5). All demographic characteristics, other than child gender, were balanced by randomization.
Alert Rates
PHP generated 658 alerts for a variety of primary care-related health issues with an average (SD) number of alerts per child of 1.4 (1.6) (range, 0-7) ( 
Parent-Reported Visit Content
PHP and Control parents reported similar rates of discussing television viewing and juice intake with their pediatrician (Table 3) . PHP parents were significantly more likely to report discussion of depressive symptoms when the parent responded they sometimes felt depressed during the PHP call (52% vs 30%; P = .01) and tuberculosis risk when the child was at risk (37% vs 20%; P , .01). For children taking prescription medications, PHP parents were more likely to report discussing medication (86% vs 73%; P = .04) and to have brought their medication to the visit (19% vs 10%; P = .19). PHP and Control children did not differ with regard to the accuracy of the EHR medication list for current medications (Table 3) . Supplementary analyses, adjusting for child gender (the sole characteristic found to be unbalanced after randomization), confirmed all findings (data not shown).
Parental Satisfaction
The majority of parents gave favorable reviews of both the PHP and Control IVR systems (Table 4) . Parents liked each system because it could be used at home and was telephone-based. Only 40% would have preferred a web-based approach. Fewer PHP parents felt the length of the call was reasonable compared with Control parents (74% vs 90%; P , .001). However, PHP parents were significantly more likely to report feeling "more prepared" for the visit (81% vs 67%; P = .001). PHP parents were also significantly more likely to report that use of PHP reduced their visit time (63% vs 45%; P , .001). Nearly all parents in both groups would use the IVR systems in the future.
Clinician Satisfaction
Clinicians were also very positive about using PHP (Table 5) . Nearly all clinicians reported that PHP was easy to use, increased completeness of documentation, reminded them to do things they a Complete demographic data do not exist for all subjects. Percentages are calculated using the number of subjects who had non-missing data for that variable as the denominator. b P values are based on models that account for the clustering of children within parents.
might otherwise forget, and improved efficiency during visits. Clinicians provided more mixed responses for medication management. Only 40% agreed that PHP helped with medication management and only 30% agreed that PHP improves medication safety.
DISCUSSION
In this study, we assessed an automated conversational system tailored to the challenges of an urban pediatric population. The PHP system successfully assessed many primary care domains that busy pediatric primary care clinicians seek to address on a routine basis. PHP detected important issues, engaged parents in pre-visit behavior change efforts, and shared information and alerts with clinicians and changed the content of the primary care provider encounter. Although PHP use was not associated with increased likelihood of parents reporting discussions in all domains, it was significantly associated with improvement in several very important areas, such as parental depression and tuberculosis screening.
There is a need to provide better, safer primary care in an affordable, sustainable, and effective manner. The great majority of American parents (94%) report unmet needs for parenting guidance,education,orscreeningbypediatric clinicians. 23 Only 1 in 5 Medicaid-insured children receive adequate preventive services. 24 To our knowledge, the PHP System is the first fully conversational system that supports pediatric assessment and parental counseling before visits in a way that is fully integrated with an EHR to support clinician communication and efficiency during office visits. The system was very well received by patients and clinicians and can serve as a model for linking patient-reported data collected outside clinical setting with the medical home via the EHR. The use of speech rather than text lowered the literacy burden of the system. 25 Although the prevalence of internet connectivity is rapidly expanding, the telephone is nearly ubiquitous.
We compared the PHP System to an attention control group that also experienced an IVR system delivering the Framingham Safety Survey in a manner that was not linked to the EHR. Although parents welcomed both IVR conditions, PHP parents felt better prepared than Control parents for primary care provider visits. Importantly, control parents felt that the duration of calls was more ARTICLE reasonable compared with PHP parents.
In the future we plan to shorten the duration of PHP calls by removing components that were not effective.
We believe that the next-generation of patient-centered primary care lies in technologies that engage patients outside clinical settings in a way that is tightly integrated with EHRs and primary care in a way that supports and activates patients. Systems that use spoken language rather than text on a screen (ie, a web page) have the potential to play an important role, because they use a format that many users find more engaging, motivating, and usable. 26, 27, 28 An important limitation of this study is that primary outcomes were assessed by parent report. We did not directly monitor primary care provider -parent dialogue. Of note, parents did not report increased likelihood of discussing all topics assessed by PHP. This suggests that some combination of parent activation and/orclinician prompting led to an increased likelihood of addressing important topics like maternal depression. Furthermore, our primary focus was on assessing what a parent takes away from a visit rather than what a clinician documents as discussed. Another limitation was the low response rate. Although we cannot know with certainty, the low rate mayhavebeenattrubutableto1ormoreof the following: (1) use of direct mail, (2) complexity of informed consent language, or (3) general reluctance to participate in research. Studies in which patients use similar systems in the waiting room have had much higher response rates. One potential solution to improving response rates would be to evaluate systems like PHPinactualpracticeinwhichaphonecall could be requested before visits and then, if not done, again at the time of visit registration and used in the waiting room.
The capacity of clinicians to provide all of the recommended services in the clinical setting has been exceeded. Systems like PHP can enhance adherence to guidelines and improve the availability of needed patient information. Counseling, which is tailored and based on existing clinical and patiententered data, has the potential to promote and encourage healthy behaviors that in turn could support national efforts to address multiple evidencedbased primary care topics. All data are presented as percentages. Empty cells had no respondents (0%)
